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AUTOMATIC GUIDED VEHICLE DRIVE
DEVICE

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims priority to Japanese Patent Appli-
cation No. 2008-249243, filed on Sep. 26, 2008. The entire

disclosure of Japanese Patent Application No. 2008-249243
1s hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present vention relates to an automatic guided
vehicle drive device.

2. Background Information

Japanese Laid-Open Patent Publication No. 08-11741 dis-
closes a steering device for an automatic guided vehicle
which has a ceiling base plate, a movable base plate, a cylin-
drical member, a compression coil spring, and a drive unait.
The ceiling base plate 1s attached to a cart of the automatic
guided vehicle. The movable base plate 1s provided such that
it can move up and down vertically with respect to the ceiling
base plate. The cylindrical member 1s fixed to a central por-
tion of the movable base plate such that 1t can move up and
down integrally with the movable base plate. The compres-
s1on co1l spring 1s housed 1nside the cylindrical member and
arranged such that one end thereof abuts against the ceiling
base plate and another end thereof abuts against an internal
surface step-shaped portion formed inside the cylindrical
member. The drive unit 1s coupled to a lower portion of the
cylindrical member through an aligning bearing.

In such a conventional automatic guided vehicle, a rocking
motion limiting plate can be provided to protrude from the
drive unit and touch against the movable base plate such that
the drive umt can be turned about the cylindrical member
while limiting the rocking (pivoting ) motion enabled between
the cylindrical member and the drive unit by the aligning
bearing only 1n the left and rnight directions with respect to the
movement direction. Additionally, a spring force of the com-
pression coil spring 1s exerted at all times along a steering,
center of the steering device.

In view of the above, 1t will be apparent to those skilled in
the art from this disclosure that there exists a need for an
improved automatic guided vehicle drive device. This mven-
tion addresses this need in the art as well as other needs, which
will become apparent to those skilled in the art from this
disclosure.

SUMMARY OF THE INVENTION

Conventional automatic guided vehicles include towing
types that are coupled to a cart at the rear of the automatic
guided vehicle and types that are slipped under a cart and tow
the cart from underneath. Particularly in the case of the latter
type, 1t 1s desirable to make the height of the automatic guided
vehicle as low as possible.

However, with the steering device for the automatic guided
vehicle described 1n the above-mentioned reference, exist-
ence of the aligning bearing and the rocking motion limiting
plate restrict the degree to which the height of the automatic
guided vehicle can be reduced.

Accordingly, one object 1s to reduce the height of an auto-
matic guided vehicle while still maintaining the driving per-
formance of the automatic guided vehicle.
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In order to achieve the above object, an automatic guided
vehicle drive device includes a top plate member, a drive unat,

a holding plate member and a turning shait mechanism. The
top plate member 1s configured and arranged to be attached to
a cart body of a vehicle. The drive unit has a leit wheel axle
attached to a left wheel and a right wheel axle attached to a
right wheel with the left and right wheel axles being coaxially
arranged and spaced apart from each other 1n an axial direc-
tion, and a drive mechamsm operatively coupled to the left
and right wheel axles to rotate the left and right wheels. The
holding plate member 1s operatively coupled between the top
plate member and the drive unit to pivotally hold the drive unit
with respect to a movement direction of the vehicle. The
turning shaft mechanism 1s operatively coupled between the
top plate member and the holding plate member to turnably
support the drive unit with respect to the top plate member via
the holding plate member about a vertical line passing
through an intersection point between an axial centerline of
the left and rnght wheel axles and a middle line that 1s oriented
in the movement direction and passes through an approximate
middle position between the left and right wheel axles. The
turning shait mechamism exerts a bias force along the vertical
line 1n a direction of separating the drive unit from the top
plate member via the holding plate member.

These and other objects, features, aspects and advantages
of the present invention will become apparent to those skilled
in the art from the following detailed description, which,
taken 1n conjunction with the annexed drawings, discloses
preferred embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of this original disclosure:

FIG. 1 1s a side elevational view of an automatic guided
vehicle provided with an automatic guided vehicle drive
device 1n accordance with a first embodiment;

FIG. 2 1s atop plan view of the automatic guided vehicle 1n
accordance with the first embodiment:;

FIG. 3 1s an enlarged perspective view of the automatic
guided vehicle drive device in accordance with the first
embodiment;

FIG. 4 1s an exploded perspective view of the automatic
guided vehicle drive device in accordance with the first
embodiment;

FIG. 51s an exploded perspective view of a drive unit of the
automatic guided vehicle drive device 1n accordance with the
first embodiment;

FIG. 6 1s a cross sectional view of the automatic guided
vehicle drive device as taken along a section line 6-6 in FIG.
3 1n accordance with the first embodiment with some parts of
the drive device being omitted for illustration purposes;

FIG. 7 1s a bottom plan view of the automatic guided
vehicle drive device illustrating an arrangement of power
lines and signal lines 1n accordance with the first embodi-
ment,

FIG. 8 1s a schematic view of an elevating mechanism of
the automatic guided vehicle drive device 1n accordance with
the first embodiment;

FIG. 9 1s a cross sectional view of an automatic guided
vehicle drive device in accordance with a second embodiment
with some parts of the drive device being omitted for illus-
tration purposes; and

FIG. 10 1s a cross sectional view of an automatic guided
vehicle drive device 1n accordance with a third embodiment
with some parts of the drive device being omitted for illus-
tration purposes.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Selected embodiments of the present invention will now be
explained with reference to the drawings. It will be apparent
to those skilled in the art from this disclosure that the follow-
ing descriptions of the embodiments of the present invention
are provided for 1llustration only and not for the purpose of
limiting the mvention as defined by the appended claims and
their equivalents.

Referring mitially to FIG. 1, an automatic guided vehicle 1
provided with a drive device 10 (automatic guided vehicle
drive device) 1s 1llustrated 1n accordance with a first embodi-
ment. FIG. 1 1s an overall side elevational view of the auto-
matic guided vehicle 1, and FIG. 2 1s a top plan view of the
automatic guided vehicle 1 with the drive device 10 being
shown for 1llustration purposes.

As shown 1n FIGS. 1 and 2, the automatic guided vehicle 1
includes a cart body 2, a control device 4 and the drive device
10. The cart body 2 includes a platform plate 2a. The control
device 4 1s configured to control the overall operation of the
automatic guided vehicle 1. The drive device 10 1s mounted to
a generally center portion of an undersurface of the platform
plate 2a of the cart body 2. The control device 4 1s operatively
connected to the drive device 10 to control the drive device 10
so that the automatic guided vehicle 1 automatically moves
along a guide strip G.

The automatic guided vehicle 1 also includes a pair of left
and right casters 5 and a pair of left and right fixed wheels 6.
Theleft and right casters 5 are mounted to a frontward portion
(1.e., leftward 1n FI1G. 1) of the undersurface of the platform
plate 2a of the cart body 2. The left and right fixed wheels 6
are mounted to a rearward portion (1.e., rightward in FIG. 1)
of the undersurface of the platform plate 2a of the cart body 2
The frontward and rearward directions are defined 1n terms of
the movement direction of the automatic guided vehicle 1.
The automatic guided vehicle 1 further includes a handle 8
mounted to a frontward portion of an upper surface of the
platform plate 2a of the cart body 2 such that the automatic
guided vehicle 1 can be pushed by an operator 1n order to
move the automatic guided vehicle 1 manually.

The control device 4 includes a microprocessor built
around a CPU (not shown). In addition to the CPU, the control
device 4 mncludes a ROM (not shown) for storing control
programs, a RAM (not shown) for temporarily storing data,
and mput and output ports (not shown). The control device 4
1s configured to receive signals indicating motor rotational
speeds of a motor M1 and a motor M2 (described later) from
rotational speed sensors (not shown) mounted on the motors
M1 and M2, a signal indicating a traveling position from a
sensor S (described later), and a command signal from a
marker sensor MS though the input port.

Markers are provided near the guide strip G for indicating,
commands to change a driving mode among a forward mode,
a reverse mode, a traverse mode, and a stop mode. The control
device 4 1s also configured to send drive signals to the motors
M1 and M2 through the output port. The control device 4 1s
preferably arranged on a frontward portion of the upper sur-
face of the platform plate 2a of the cart body 2 as shown 1n
FIGS. 1 and 2.

FIG. 3 1s an enlarged perspective view of the drive device
10 of the automatic guided vehicle 1, and FIG. 4 1s an
exploded perspective view of the drive device 10.

As shown 1n FIGS. 3 and 4, the drive device 10 includes a
top plate member 12, a holding plate member 20, a drive unit
30, aturning shaft mechamism 50 and an elevating mechanism
70. The top plate member 12 1s configured and arranged to be
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4

fastened securely to the undersurface of the platform plate 2a4.
The holding plate member 20 1s coupled to the top plate
member 12 through the turning shaft mechanism 50. The
drive unit 30 1s rockably (pivotally) held by the holding plate
member 20. The elevating mechanism 70 1s configured and
arranged to selectively raise and lower the drive unit 30 with
respect to the top plate member 12.

As shown 1n FIG. 4, the top plate member 12 includes a
base portion 14 and a protruding portion 16. The base portion
14 defines a through hole 14a formed 1n a middle portion
thereof. The protruding portion 16 1s formed as a one-piece
integral unit with the base portion 14 and protrudes from a
long side portion 1456 of the base portion 14. Thus, the top
plate member 12 has a generally T-shaped external appear-
ance as shown in FIG. 4. The base portion 14 also defines a
circular arc-shaped hole 14¢ and a cut-out opening 144d. The
circular arc-shaped hole 14c¢ 1s formed around at least half of
the external circumierence of the through hole 14a as shown
in FI1G. 4. The cut-out opening 144 1s formed to extend from
the through hole 14a to a proximal portion 16a of the pro-
truding portion 16.

As shown 1n FIG. 4, the holding plate member 20 defines a
circular hole 20a formed 1n a middle portion thereof. The
holding plate member 20 includes a pair of folded portions
2056 and 20¢ formed by bending a frontward end portion and
a rearward end portion of the holding plate member 20 ver-
tically downward (the frontward and rearward directions
being defined in terms of the movement direction of the
automatic guided vehicle 1). A vertically upwardly protrud-
ing stop pin SP 1s securely mounted to the holding plate
member 20 1n a frontward position (leftward in FIG. 4) of the
periphery of the circular hole 20a. In other words, the stopper
pin SP 1s arranged 1n such a position that the stopper pin SP
engages with the circular arc-shaped hole 14¢ of the top plate
member 12 when the holding plate member 20 1s coupled to
the top plate member 12. As a result, the stopper pin SP of the
holding plate member 20 serves to restrict the turning range of
the drive unit 30, which 1s held by the holding plate member
20, with respect to the top plate member 12.

As shown in FIG. 4, a holder member 22 (a recessed
portion) 1s mounted to an undersurface of the holding plate
member 20. The holder member 22 has a bottomed shape that
1s open at the top thereof and has a flat bottom portion 24 at the
bottom thereof. The holder member 22 1s attached to the
holding plate member 20 such that the open top thereof 1s
aligned with the circular hole 20a as shown in FIG. 4. The flat
bottom portion 24 of the holder member 22 defines an circular
hole 24a (see FIG. 6) formed 1n a middle portion of the flat
bottom portion 24.

FIG. 5 15 an exploded perspective view of the drive unit 30,
FIG. 6 1s a cross sectional view as taken along a section line
6-6 1n FI1G. 3 showing the main parts of the drive device 10,
and FIG. 7 1s a bottom plan view of the drive device 10.

As shown in FIGS. 5to 7, the drive unit 30 includes a {frame
member 32, a pair of gear boxes 34a and 345, a pair of motors
M1 and M2 (an example of a drive mechanism), a left wheel
axle 37a, a left wheel 384, a right wheel axle 375, a right
wheel 385, a pair of guide strip sensors GS and a plurality of
marker sensors MS. The gear boxes 34a and 345 are fastened
to the mside of the frame member 32 as shown 1n FIG. 7. The
motor M1 1s connected to the gear box 34a through a rotary
shaft 36a, and the motor M2 1s connected to the gear box 345
through a rotary shatt 365. The left wheel axle 37a 1s con-
nected to the gear box 34a, and the left wheel 384 1s mounted
to the left wheel axle 37a. The right wheel axle 375 1s con-
nected to the gear box 345, and the right wheel 385 1s mounted

to the right wheel axle 375. The left and right wheel axles 37a
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and 37b are coaxially arranged and spaced apart from each
other in an axial direction. The guide strip sensors GS and the
marker sensors MS are mounted to a front panel 32q and arear
panel 3256 of the frame member 32 as shown 1n FIGS. 6 and 7.
The guide strip sensors GS are configured and arranged to
detect the guide strip G. The marker sensors MS are config-
ured and arranged to detect the markers disposed near the
guide strip G.

As shown 1n FIGS. 4 and 6, the folded portion 206 of the
holding plate member 20 1s connected to the front panel 324
of the frame member 32 with a rocking pin P and the folded
portion 20c¢ of the holding plate member 20 1s connected to
the rear panel 325 of the frame member 32 with a rocking pin
P. In this way, the drive unit 30 1s connected and held such that
the drive unit 30 can rock or pivot freely 1n the space between
the folded portion 205 and the folded portion 20c with respect
to the movement direction of the automatic gmided vehicle 1.
As aresult, the ability of the drive unit 30 to rock with respect
to the holding plate member 20 1s secured while also enabling,
the holding plate member 20 and the frame member 32 of the
drive unit 30 to be connected in close proximity to each other
as shown in FIG. 6.

As shown 1n FIGS. 4 and 7, the motors M1 and M2 and the
gear boxes 34a and 345 are arranged 1nside the frame member
32 such that a central space CA 1s formed between the lett
wheel axle 37a and the right wheel axle 375. When the drive
unit 30 1s connected to and held by the holding plate member
20, the holder member 22 attached to the holding plate mem-
ber 20 fits through an opening 32¢ formed 1n a central portion
of a top panel of the frame member 32 and 1s housed 1nside the
central space CA. In such a state, as shown 1n FIGS. 4 and 6,
the flat bottom portion 24 of the holder member 22 1s arranged
in a plane that includes a point on a vertical line VL passing
through an intersection point between an axial centerline CL2
of the left and rnight wheel axles 37a and 375 and a middle line
CL1 that 1s oriented in the movement direction and passes
through an approximate middle position between the leit and
right wheel axles 37a and 37b. Therefore, a force acting 1n a
direction of separating the drive unit 30 from the top plate
member 12, 1.e., a force acting to press both of the wheels 384
and 385 against the ground surface, 1s exerted through the
holding plate member 20 at a position near a point on the
vertical line VL passing through the intersection point
between the axial centerline of the left and right wheel axles
37a and 37b and the middle line CL1 that 1s oriented in the
movement direction and passes through an approximate
middle position between the left and right wheel axles 37a
and 37b. A “position near a point on a vertical line” as used
herein 1s defined to be any position within a circular area that
has a prescribed radius and 1s centered on a point lying on the
vertical line VL. The point on the vertical line VL and the
plane on which the flat bottom portion 24 lies are positioned
vertically lower than the axial centerline CL2.

A power line L1 1s electrically connected to the coil of each
phase of the motor M1, and a power line L2 1s electrically
connected to the coil of each phase of the motor M2. The
power lines L1 and L2 serve to connect the motors M1 and
M2 to the control device 4, which 1s configured to drive and
control the motors M1 and M2. The sensors GS and the
marker sensors MS are connected to the control device 4 with
signal lines SLL1 and SL2.

As shown i FIG. 6, the turning shaft mechanism 50
includes a hollow turning shaft 52 (an example of a first shaft
portion), a bearing member 54, a stepped cylindrical member
56 (an example of a second shaft portion), an annular plate
member 58, and a coil spring 60. The hollow turning shaft 52
has a hollow space passing axially therethrough and has a
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flange portion 52a formed on a bottom end thereof. The
bearing member 54 fits on the outside circumierence of the
turning shaft 52 such that the bearing member 54 rotates
about and move axially along the turning shait 52. The
stepped cylindrical member 56 1s fastened to an outside cir-
cumierence of the bearing member 54 with snap rings R. The
annular plate member 58 1s attached to an upper end portion
of the turning shaft 52. The coil spring 60 1s arranged around
an outside circumierence of the stepped cylindrical member
56 and the turning shatt 52.

The flange portion 524 of the turning shaft mechanism 50
1s fixedly coupled to the flat bottom portion 24 of the holder
member 22 with a bolt or other fastening member or method
(not shown), and the upper end surface of the stepped cylin-
drical member 56 1s fixedly coupled to the top plate member
12 with a bolt or other fastening member or method (not
shown). Thus, the top plate member 12 and the holding plate
member 20 are operatively connected together by the turming
shaft mechanism 50. The turning shaft 52 and the stepped
cylindrical member 56 are attached to the flat bottom portion
24 of the holder member 22 and to the top plate member 12,
respectively, such that the axial centerlines thereof are sub-
stantially coincident with the vertical line VL. Also, the coil
spring 60 1s arranged around the outside circumierence of the
stepped cylindrical member 56 and the turning shaft 52 such
that the axial centerline thereof i1s substantially coincident
with the vertical line VL.

As shown1n FIG. 6, the stepped cylindrical member 56 has
a large diameter cylindrical portion 565 and a small diameter
cylindrical portion 56¢ with a step-shaped portion 56a being
disposed therebetween. The large diameter cylindrical por-
tion 56 1s fixedly coupled to the top plate member 12 as
discussed above. As shown in FIG. 4, the large diameter
cylindrical portion 565 has a cut-out opening 365' where a
portion has been removed, and the large diameter cylindrical
portion 565 1s attached to the top plate member 12 such that
the cut-out opening 365' 1s oriented to correspond to the
cut-out opening 144 of the top plate member 12.

As shown 1n FIG. 6, one end of the coil spring 60 abuts
against the flange portion 52qa of the turning shatt 52 and the
other end abuts against the step-shaped portion 56a of the
stepped cylindrical member 56 such that a spring force acts 1n
a direction of separating the turning shatt 532 and the stepped
cylindrical member 56 away from each other. The spring
force of the coil spring 60 produces a grounding load acting to
push the left wheel 38a and the right wheel 385 against the
ground.

Accordingly, the turning shait mechanism 50 1s configured
and arranged to support the drive unit 30 with respect to the
top plate member 12 through the holding plate member 20
such that the drive unit 30 rotates freely about center axis of
the turning shaft 52. Additionally, the turning shaft mecha-
nism 50 serves to push the drive unit 30 vertically (straight)
downward from the top plate member 12 through the holding
plate member 20. Since the coil spring 60 1s arranged such
that the axial centerline thereof i1s substantially coincident
with the vertical line VL, the grounding loads imparted to the
left wheel 38a and the right wheel 385 are substantially uni-
form. As aresult, the driving stability of the automatic guided
vehicle can be improved.

Since most of the turning shaft mechanism 50 1s housed
inside the holder member 22 of the holding plate member 20
as shown 1n FIG. 6, the top plate member 12 and the holding
plate member 20 are connected 1n relatively close proximity
to each other. Moreover, since the holder member 22 1is
housed inside the central space CA formed inside the frame
member 32 of the drive unit 30, the top plate member 12, the
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holding plate member 20, and the drive unit 30 are all con-
nected 1n relatively closer proximity to one another.

Since the flat bottom portion 24 of the holder member 22 1s
disposed vertically lower than the axial centerline CL2 of the
left and right wheel axles 37a and 375b, a relatively large
portion of the turning shaft mechanism 50 1s housed 1inside the
holder member 22. Therefore, the top plate member 12 and
holding plate member 20 are connected 1n relatively closer
proximity to each other. As a result, the height dimension of
the drive device 10 1s reduced and the overall platform height
of the automatic guided vehicle 1 can be reduced.

Since the coil spring 60 1s arranged between the flange
portion 52a of the turning shaft 52 and the step-shaped por-
tion 56a of the stepped cylindrical member 36, 1.¢., around the
outside circumiference of the small diameter cylindrical por-
tion S6c¢ of the stepped cylindrical member 56 and the turning
shaft 52, the spring diameter 1s made larger than 1f a coil
spring was arranged inside the turning shaft52. As aresult, an
axial length of the coil spring 60 1s made shorter than 1f a coil
spring was arranged inside the turning shaft 52 to obtain the
same spring force because a larger linear region can be
secured with a large spring diameter. Therefore, the axial
length of the turning shaft mechanism 50 1s made relatively
short. As a result, the height dimension of the drive device 10
1s reduced and the overall platform height of the automatic
guided vehicle 1 1s reduced.

FIG. 7 1s a bottom plane view of the drive device 10 show-
ing the arrangement of the power lines L1 and 1.2 and the
signal lines SLL1 and SL2.

Asshownin FIGS. 6 and 7, the power lines L1 and L2 of the
motors M1 and M2 and the signal lines SLL1 and SL2 of the
sensors GS and the marker sensors MS are bundled together
inside the frame member 32 and inserted inside the hollow
space ol the turning shaft 52. The bundled lines are passed
trough the inside of turning shatt 52 to the upper surface of the
top plate member 12 and connected to the control device 4.

By passing the power lines L1 and 1.2 and the signal lines
SL.1 and SL2 through the inside of the turning shaft 52, the
work of arranging and connecting the lines can be simplified.
In other words, 1t 1s not necessary to consider rotation of the
drive unit 30 with respect to the top plate member 12 when
determining the layout and lengths of the power lines L1 and
[.2 and the signal lines SLL1 and SL2.

FIG. 8 1s a schematic view showing constituent features of
the elevating mechanism 70.

As shown 1n FIG. 8, the elevating mechanism 70 includes
an elevation motor M3, a cam follower 72, an elevation rod 74
and a lever member 76. The elevation motor M3 1s configured
to raise and lower the drive unit 30. The cam follower 72 1s
connected to a rotary shatt of the elevation motor M3. The
clevation rod 74 1s connected to the cam follower 72. The
lever member 76 1s connected to the elevator rod 74 and
configured and arranged to engage with the plate member 58
of the turming shait mechanism 50. Thus, the rotation of the
clevation motor M3 1s used to raise and lower the drive unit
30.

As shown 1n FIG. 6, the elevation motor M3 1s arranged on
a distal end of the protruding portion 16 of the top plate
member 12. More specifically, the elevation motor M3 1s
mounted to an undersurface of the top plate member 12 with
a bracket B so as to be arranged to a side of the drive unit 30.
As a result, the elevation motor M3 can be prevented from
increasing the height dimension of the drive umit 30.

As shown FIG. 8, the cam follower 72 1s connected con-
centrically to the rotary shait of the elevation motor M3, and
the elevation rod 74 1s connected 1n a position at a prescribed
distance away from (radially outward from) the rotary shaft.
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Two roller members R attached to the bracket B prevent the
cam follower 72 from leaning 1n a direction perpendicular to
the rotary shaft of the elevation motor M3.

As shown 1n FIGS. 4 and 8, the elevator rod 74 1s generally
straight with a slight bend at an intermediate position closer to
one end. The elevator rod 74 extends along the cut-out open-
ing 144 formed 1n the top plate member 12 from the cam
tollower 72 to the through hole 14a of the top plate member
12 so as to follow along the cut-out opening 144 formed in the
top plate member 12. When the cam follower 72 rotates, the
clevation rod 74 rocks longitudinally (horizontally in FIG. 8).
In other words, the elevation rod 74 works 1n conjunction with
the cam follower 72 to convert rotational motion of the eleva-
tion motor M3 mto generally horizontal or generally linear
motion. Thus, the cam follower 72 and the elevation rod 74
constitutes a cam unit that converts a rotational motion of the
clevation motor M3 1nto a generally linear motion. When the
clevation rod 74 1s rocked forward (leftward in FIGS. 4 and
8), 1.e., toward the lever member 76, due to the rotation of the
cam follower 72, at least a portion of the elevation rod 74 1s
disposed 1nside the cut-out opening 144 of the top plate mem-
ber 12. As a result, an increase 1n the height dimension of the
automatic guided vehicle 1 due to the rocking motion of the
clevation rod 74 1s suppressed.

As shown 1n FIG. 8, the lever member 76 1s a plate having
substantially the shape of an isosceles triangle. The apex
portion 76a where the two sides of equal length intersect 1s
pivotally connected to a tip end of the elevation rod 74, and
one end portion 765 of the base side 1s supported on an
L-shaped bracket (not shown) that 1s securely attached to the
top plate member 12. Another end portion 76¢ of the base side
1s engaged with the plate member 58 of the turning shaft
mechanism 50 through a ring member 78. In other words, the
lever member 76 1s a link member 1n which the apex portion
76a 1s a force input point, the end portion 765 of the base side
1s a Tulcrum, and the other end portion 76¢ of the base side 1s
an operating point. The ring member 78 and the plate member
58 of the turning shaft mechanism 50 are engaged through the
cut-out opening 565' formed 1n the large diameter cylindrical
portion 565 of the stepped cylindrical member 56.

When the rotary shait of the elevation motor M3 rotates,
the cam follower 72 rotates and causes the elevation rod 74 to
rock in a longitudinal direction that 1s a horizontal direction in
FIG. 8. The rocking movement of the elevation rod 74 causes
the lever member 76 to rock and move the turning shaft 52 of
the turning shaft mechanism 350 generally vertically upward
against the spring force of the coil spring 60. More specifi-
cally, the rotation of the elevation motor M3 1s converted into
generally vertical motion 1 accordance with a lever ratio
between the distance from the apex portion 76a of the lever
member 76 to the end portion 765 of the base side and the
distance from the end portion 765 of the base side to the other
end portion 76c of the base side, and the drive unit 30 1s
separated from the ground surface through the holding plate
member 20 on which the turning shait 52 1s mounted. In this
way, the elevating mechanism 70 1s arranged to lift the drive
umt 30 vertically upward and separate the drive unit 30 from
the ground surface by a relatively large distance while sup-
pressing an increase in the height dimension of the elevating
mechamsm 70.

In the drive device 10 for the automatic guided vehicle 1
according to the first embodiment described above, the drive
unit 30 1s prvotally held by the holding plate member 20 by the
rocking pins P having axial centerlines that are parallel to the
movement direction of the automatic gmided vehicle 1. The
holding plate member 20 1s connected to the top plate member
12 (which 1s configured and arranged to engage with the cart
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body 2) through the turning shaft mechanism 50 arranged
between the leit wheel axle 37a and the nght wheel axle 375.
More specifically, with the drive device 10 of the first embodi-
ment, 1t 1s not necessary to provide an aligning bearing or a
rocking motion limiting plate because rocking or pivoting of
the drive unit 30 about the movement direction 1s accom-
plished independently of the turning shaft mechanism 30 that
turnably supports the drive unit 30 and that exerts a spring
force against the drive unit 30. As a result, the height dimen-
sion of the automatic guided vehicle 1 i1s reduced without
being restricted by such components as an aligning bearing,
and a rocking motion limiting plate. Additionally, since the
coil spring 60 1s arranged such that the axial centerline thereof
1s substantially coincident with the vertical line VL, the
grounding loads imparted to the left wheel 38a and the right
wheel 385 are substantially uniform and the driving stability
can be improved.

In the drive device 10 for the automatic guided vehicle 1
according to the first embodiment, the holder member 22 is
arranged 1nside the central space CA formed 1nside the frame
member 32 of the drive unit 30 such that the flat bottom
portion 24 of the holder member 22 1s arranged 1n a plane that
includes a point on the vertical line VL passing through the
intersection point between the axial centerline CL2 of the lett
and right wheel axles 37a and 375 and the middle line CL1
that 1s oriented 1n the movement direction and passes through
the approximate middle position between the left and right
wheel axles 37a and 375. The point on the vertical line VL and
the plane on which the flat bottom portion 24 lies are posi-
tioned vertically lower than the axial centerline CL2 of the
left and rnight wheel axles 37a and 37b. Thus, most of the
turning shaft mechanism 50 1s housed inside the frame mem-
ber 32 as shown 1n FIG. 6. As a result, the top plate member
12, the holding plate member 20, and the drive unit 30 are
connected 1n relatively closer proximity to one another and
the height dimension of the drive device 10 1s reduced.

In the automatic guided vehicle 1 according to the first
embodiment, the elevating mechanism 70 has the elevation
motor M3 arranged to a side of the drive unit 30 and rotational
motion of the elevation motor M3 1s converted into horizontal
motion by the cam follower 72 and the elevation rod 74. The
horizontal motion 1s then converted into vertical motion of the
drive unit 30 by the lever member 76. As a result, an increase
in the height dimension of the elevating mechanism 70 1s
suppressed. Additionally, when the elevation rod 74 1s rocked
forward (leftward 1n FIGS. 2 and 8), 1.e., when the drive unit
30 1s lowered, due to rotation of the cam follower 72, at least
a portion of the elevation rod 74 1s disposed 1nside the cut-out
opening 14d of the top plate member 12. As a result, an
increase in the height dimension of the automatic guided
vehicle 1 due to the rocking motion of the elevation rod 74 1s
suppressed. Also, since the elevating mechanism 70 1s
arranged to lift the drive unit 30 vertically upward, the drive
unit 30 can be separated from the ground surface by a rela-
tively large distance while suppressing an increase in the
height dimension of the elevating mechanism 70.

With the drive device 10 for the automatic guided vehicle 1
according to the first embodiment, the weight of the auto-
matic guided vehicle 1 1s reduced because the turning shait 52
mounted to the flat bottom portion 24 of the holder member
22 and configured to protrude vertically upward 1s hollow.
Additionally, since the power lines L1 and L2 of the motors
M1 and M2 and the signal lines SLL1 and SL2 of the sensors
GS and the marker sensors MS are arranged to pass through
the inside of the turning shatt 52, the work of arranging and
connecting the lines 1s simplified. In other words, 1t 1s not
necessary to consider rotation of the drive unit 30 with respect
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to the top plate member 12 when determining the layout and
lengths of the power lines L1 and 1.2 and the signal lines SL.1

and SL.2.

Although 1n the drive device 10 for the automatic guided
vehicle 1 according to the first embodiment the holder mem-
ber 22 mounted to an undersurface of the holding plate mem-
ber 20 1s arranged such that the flat bottom portion 24 of the
holder member 22 1s arranged 1n a plane that includes a point
on the vertical line VL that 1s lower than the axial centerline
CL2, 1t 1s also acceptable for the flat bottom portion 24 to lie
in a plane that contains a point on the vertical line VL that 1s
at the same height as the axial centerline CL2 or a point on the
vertical line VL that 1s vertically higher than the axial center-
line CL2.

In the drive device 10 for the automatic guided vehicle 1
according to the first embodiment, the turning shait mecha-
nism 50 1s configured to use the spring force of the coil spring
60 arranged between the flange portion 52a of the turning
shaft 52 and the step-shaped portion 36a of the stepped cylin-
drical member 56 to exert a force against a central portion
between the two wheel axles 37a and 375 so as to push both
of the wheels 38a and 385 against the ground surface. It1s also
acceptable for the turning shait mechanism 350 to be config-
ured to use a cylinder, solenoid, or the like to generate a force
against a central portion of the wheel axles 37a and 375 (in
order to push both of the wheels 38a and 386 against the
ground surface) using hydraulic pressure, air pressure, or
clectromagnetic force.

Although 1n the drive device 10 for the automatic guided
vehicle 1 according to the first embodiment, the holder mem-
ber 22 1s attached to an undersurface of the holding plate
member 20 using bolts or other fastening member or method,
it 1s acceptable for the holder member 22 to be formed as a
one-piece integral unmit together with the holding plate mem-
ber 20.

Although the grounding loads applied to the left wheel 38a
and the right wheel 385 are generated with the spring force of
the coil spring 60, 1t 1s also acceptable for the turning shaft
mechanism 50 to be configured to use a cylinder, solenoid, or
the like to generate the grounding loads applied to the left
wheel 38a and the right wheel 386 using hydraulic pressure,
alr pressure, or electromagnetic force as discussed above.

Although 1n the drive device 10 for the automatic guided
vehicle 1 according to the first embodiment, the stepped
cylindrical member 56 is attached to an undersurface of the
top plate member 12 using bolts or other fastening member of
method, 1t 1s acceptable for the stepped cylindrical member
56 to be formed as a one-piece integral unit together with the
top plate member 12.

Although 1n the drive device 10 for the automatic guided
vehicle 1 according to the first embodiment, the turning shaft
mechanism 50 1s configured such that the turning shait 52
rotatably and slidably fits inside the stepped cylindrical mem-
ber 56, 1t 1s acceptable for a stepped cylindrical member to be
rotatably and slidably fitted into the 1nside of a turning shaft.

Although 1n the drive device 10 according to the first
embodiment the turning shaft 52 i1s formed such that the
inside thereof 1s hollow, 1t 1s acceptable for the 1nside of the
turning shait 52 not to be hollow.

Second Embodiment

Referring now to FI1G. 9, a drive device 110 (an automatic
guided vehicle drive device) 1n accordance with a second
embodiment will now be explained. In view of the similarity
between the first and second embodiments, the parts of the
second embodiment that are 1dentical to the parts of the first
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embodiment will be given the same reference numerals as the
parts of the first embodiment. Moreover, the descriptions of
the parts of the second embodiment that are 1dentical to the
parts of the first embodiment may be omitted for the sake of
brevity.

FIG. 9 1s a cross sectional schematic view of the drive
device 110 1n accordance with the second embodiment with
some parts thereol being omitted for illustration purposes.
The drive device 110 of the second embodiment 1s basically
the same as the drive device 10 of the first embodiment except
for structures and arrangements of a turning shait mechanism
150 and an elevating mechanism 170.

As shown 1 FIG. 9, the turning shait mechanism 150 of
second embodiment includes a turning shaft 152 (an example
ol the first shait portion), a bearing member 154, a cylindrical
member 156 (an example of the second shaft portion), and a
coil spring 160. The turning shaft 152 has a first flange portion
152a formed on a bottom end thereof and a second flange
portion 1525 formed 1n a position located a prescribed dis-
tance toward a top end from the first flange portion 152a. The
bearing member 154 1s fixedly coupled to an internal circum-
terence of the turning shaft 152. The cylindrical member 156
has a hollow cylindrical portion 1564 that rotatably and slid-
ably fits 1n the bearing member 154 such that the cylindrical
member 156 rotates and moves axially with respect to the
bearing member 154 and a flange portion 1565 formed on a
top end portion of the hollow cylindrical portion 156a. The
coil spring 160 1s arranged between the second tlange portion
1525 of the turning shaft 152 and the flange portion 1565 of
the cylindrical member 156. The coil spring 160 exerts a force
in a direction of separating the turning shait 152 and the
cylindrical member 156 apart from each other. The first flange
portion 152a 1s fastened to a flat bottom portion 124 of a
holder member 122 of a holding plate member 120 with bolts
or other fastening member or method (not shown). The flange
portion 1565 1s fastened to a top plate member 112 with bolts
or other fastening member or method (not shown). Therefore,
the top plate member 112 and the holding plate 120 are
operatively coupled through the turning shaft mechanism
150.

The elevating mechanism 170 has a lever member 176
(which 1s similar to the lever member 76 of the first embodi-
ment) configured to engage with an undersurface of the sec-
ond flange portion 1525 of the turning shaft mechanism 150
through a ring member 178. When the rotary shait of the
elevation motor M3 rotates, a cam follower 172 rotates and an
clevation rod 174 converts the rotational motion of the cam
tollower 172 into a horizontal motion in a longitudinal direc-
tion (horizontal direction 1n FIG. 9). The horizontal move-
ment of the elevation rod 174 causes the lever member 176 to
rock and move the turning shait 152 of the turning shaft
mechanism 150 vertically upward against the spring force of
the coil spring 160. In other words, the rotation of the eleva-
tion motor M3 1s converted into vertical motion in accordance
with a lever ratio of the lever member 176 and the drive unit
130 1s separated trom the ground surtace through the holding
plate 120 on which the turning shait 152 1s mounted.

The drive device 110 of the second embodiment exhibits
the same effects as the drive device 10 of the first embodi-
ment, e¢.g., an elfect of enabling the height of the automatic
guided vehicle to be reduced, an effect of enabling the driving
stability to be improved, and an effect of enabling the drive
unit 130 to be lifted vertically upward such that the drive unit
130 separates from the ground surface by a large distance
while suppressing an increase in the height dimension
thereol. Additionally, since the elevation rod 174 1s housed
inside the frame member 132, an increase in the height
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dimension can be suppressed even further without causing the
clevation rod 174 to protrude higher than the top plate mem-

ber 12.

Although 1n the drive device 10 and 110 according to the
first and second embodiments, the coil spring 60 or 160 are
arranged on the external circumierential surface of the
stepped cylindrical member 56 or the turning shaft 152, 1t 1s
also acceptable for the coil spring 60 or 160 to be arranged on
the internal circumierential surface of the turning shatt 52 or
the cylindrical member 156.

In the drive device 10 and 110 according to the first and
second embodiments, each of the turning shaft 52 or 152 1s
fixedly coupled to the flat bottom portion 24 or 124 of the
holder member 22 or 122 such that a portion thereof 1s housed
inside the holder member 22 or 122. However, 1t 1s also

acceptable 11 the turning shatt 52 or 152 1s not housed 1nside
the holder member 22 or 122.

Third Embodiment

Referring now to FI1G. 10, a drive device 210 (an automatic
guided vehicle drive device) in accordance with a third
embodiment will now be explained. In view of the similarity
between the first and third embodiments, the parts of the third
embodiment that are 1dentical to the parts of the first embodi-
ment will be given the same reference numerals as the parts of
the first embodiment. Moreover, the descriptions of the parts
of the third embodiment that are 1dentical to the parts of the
first embodiment may be omitted for the sake of brevity.

FIG. 10 1s a schematic cross sectional view of the drive
device 210 with some components being omitted for 1llustra-
tion purposes. The drive device 210 of the third embodiment
1s basically the same as the drive device 10 of the first embodi-
ment except for structures of a turning shaft mechanism 2350
and a holding plate member 220.

As shown 1n FIG. 10, the turning shait mechanism 2350 of
the third embodiment includes a turming shaft 252 (an
example of the first shaft portion), a bearing member 254, a
cylindrical member 256 (an example of the second shaft
portion), and a coil spring 260. The turning shait 252 has a
bottomed main body portion 252a, a first flange portion 2525,
and a second flange portion 252¢. The bottomed main body
portion 2524 1s open at a top end and has a flat bottom portion
at a bottom end. The first flange portion 2525 1s formed on the
external circumierence of the top end of the main body por-
tion 252a, and the second tlange portion 252¢ 1s formed on the
external circumierential surface of the main body portion
252a 1n a position located a prescribed distance toward the
bottom end from the first flange portion 252b. The bearing
member 254 1s fixedly coupled to an internal circumierential
surface of the turning shait 252 with a snap ring R. The
cylindrical member 256 has a hollow cylindrical portion 256a
that rotatably and slidably fits 1n the bearing member 2354 such
that the cylindrical member 2356 rotates and moves axially
with respect to the bearing member 254. The cylindrical
member 256 also has a flange portion 2565 formed on the top
end portion of the hollow cylindrical portion 256a. The coil
spring 260 1s arranged with a top end thereof abutting against
an 1nside step-shaped part 2564' of the hollow cylindrical
portion 256q and a bottom end thereof abutting against the flat
bottom portion 224 of the turning shait 252 such that the coil
spring 260 exerts a force 1n a direction of separating the
turning shait 252 and the cylindrical member 256 apart from
cach other. The second flange portion 252¢ 1s fastened to a tlat
bottom portion of a holder member 222 of a holding plate
member 220 with bolts or other fastening member of method
(not shown), and the flange portion 2565 1s fastened to a top
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plate member 212 with bolts or other fastening member or
method (not shown). Theretore, the top plate member 212 and
the holding plate member 220 are operatively coupled
through the turning shaft mechanism 250.

An elevating mechanism 270 has a lever member 276 con-
figured to engage with an undersurface of the first flange
portion 25256 of the turning shait mechamism 250 through a
ring member 278. When the rotary shait of the elevation
motor M3 rotates, a cam follower 272 rotates and an elevation
rod 274 converts the rotational motion of the cam follower
272 1into a horizontal motion 1n a longitudinal direction (hori-
zontal direction 1n FIG. 10). The horizontal movement of the
clevation rod 274 causes the lever member 276 to rock and
move the turning shaft 252 of the turning shait mechanism
250 vertically upward against the spring force of the coil
spring 260. In other words, the rotation of the elevation motor
M3 1s converted 1nto vertical motion 1n accordance with a
lever ratio of the lever member 276 and a drive unit 230 i1s
separated from the ground surface through the holding plate
member 220 on which the turming shait 252 1s mounted.

The drive device 210 of the third embodiment exhibits the
same effects as the automatic guided vehicle 1 of the embodi-
ment, ¢.g., an eil

ect of enabling the height of the automatic
guided vehicle to be reduced, an effect of enabling the driving
stability to be improved, and an eif:

ect of enabling the drive
unit 230 to be lifted vertically upward such that the drive unait
230 separates from the ground surface by a large distance
while suppressing an increase in the height dimension
thereof.

With the drive device 10, 110 and 210 according to the
above embodiments, rocking of the drive unit 30, 130 or 230
about the movement direction can be accomplished indepen-
dently of the turning shaft mechanism 50, 150 or 250 that
turnably supports the drive unit 30, 130 or 230 while exerting
a force against the drive unit 30, 130 or 230. Thus, it 1s not
necessary to provide an aligning bearing or a rocking motion
limiting plate 1n the drive device 10, 110 or 210 according to
the above embodiments. As a result, the height dimension of
the automatic guided vehicle 1 can be reduced without being,
restricted by such components as an aligning bearing and a
rocking motion limiting plate. In addition to being able to
both turn and rock the drive unit 30, 130 or 230, the driving
performance of the automatic guided vehicle 1 1s not
degraded because a force acting 1n a direction of separating
the drive unit 30, 130 or 230 from the top plate member 12,
112 or 212, 1.e., a force acting to press both of the wheels 38a
and 38b against the ground surface, 1s exerted through the
holding plate member 20, 120 or 220 at a position near a point
on the vertical line VL passing through the intersection point
between the axial centerline of the left and right wheel axles
37a and 376 and the middle line CL 1 that 1s oriented 1n the
movement direction and passes through an approximate
middle position between the left and right wheel axles 37a
and 37b.

In the drive device 10, 110 and 210 according to the above
embodiments, the turning shait mechanism 50, 150 or 250 1s
configured to exert the force near a point on the vertical line
VL that 1s positioned vertically lower than the axial centerline
CL2. Since the force exerted against the drive umit 30, 130 or
230 through the holding plate member 20, 120 or 220 can be
exerted at a lower point, the top plate member 12,112 or 212
and the holding plate member 20, 120 or 220 are arranged
relatively closer together. As a result, the height of the auto-
matic guided vehicle 1 can be reduced.

In the drive devices 10 and 110 according to the first and
second embodiments, the turning shaft mechanism 50 or 150
has a first shait portion (the turning shait 52 or 152) that 1s
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connected to the holding plate member 20 or 120 and pro-
trudes vertically upward from a position near the point on the
vertical line VL, a second shait portion (the cylindrical mem-
ber 56 or 156) that 1s provided on the top plate and protrudes
vertically downward from a position corresponding to the
first shatit portion, and a spring member (the coil spring 60 or
160) that 1s configured to exert the force by undergoing elastic
deformation while being guided by the first shait portion
and/or the second shait portion. Additionally, the turning
shaft mechanmism 50 or 150 turnably supports the drive unit 30
or 130 with respect to the top plate member 12 or 112 through
the holding plate member 20 or 120 by rotatably and slidably
fitting together the first shaft portion and the second shaft
portlon and to exert a spring force as the force against the
drive unit 30 or 130 through the holding plate. In this way, the
drive unit 30 or 130 can be turnably supported with respect to
the top plate member 12 or 112 through the holding plate
member 20 or 120 and a structure for exerting a force against
the drive unit 30 or 130 through the holding plate member 20
or 120 1n a direction of separating the drive unit 30 or 130
from the top plate member 12 or 112 can be secured 1n a
simple manner.

In the drive device 10, 110 and 210 according to the above
embodiments, the holding plate member 20 or 120 can be
made to have a cylindrical recessed portion (the holder mem-
ber 22 or 122) 1n a position near the point on the vertical line
VL. The cylindrical recessed portion 1s recessed 1n a verti-
cally downward direction. Additionally, the turning shaft
mechanism 50 or 150 exerts the spring force either directly or
indirectly against a flat bottom portion 24 or 124 of the cylin-
drical recessed portion. In this way, the point where the spring
force acts on the drive unit 30 or 130 through the holding plate
member 20 or 120 can be set to be lower than an upper surface
of the holding plate member 20 or 120 and, thus, the top plate
member 12 or 112 and the holding plate member 20 or 120
can be arranged 1n close proximity to each other. As a result,
the height of the automatic guided vehicle 1 can be reduced.

In the drive device 10, 110 and 210 according to the above
embodiments, the flat bottom portion 24 or 124 of the cylin-
drical recessed portion or the flat bottom portion 224 of the
turning shaft 252 1s provided in a position that 1s vertically
lower than the axial centerline CL2. Since the point where the
spring force 1s exerted against the drive unit 30, 130 or 230
through the holding plate member 20, 120 or 220 can be set to
a lower position, the top plate member 12,112 or 212 and the
holding plate member 20, 120 or 220 are arranged relatively
closer together. As a result, the height of the automatic guided
vehicle 1 can be reduced further.

In the drive device 10, 110 and 210 according to the above
embodiments, at least a portion of the first shaft portion 1s
housed 1n the cylindrical recessed portion. By housing at least
a portion of the first shaft portion 1n the cylindrical recessed
portion, the amount by which the first shatt portion protrudes
from the upper surtace of the holding plate can be suppressed.
As a result, the top plate member 12, 112 or 212 and the
holding plate member 20, 120 or 220 are arranged 1n rela-
tively closer proximity to each other and the height of the
automatic guided vehicle 1 1s reduced even further.

In the drive device 10, 110 and 210 according to the above
embodiments, the spring member 60, 160 or 260 1s a coil
spring that 1s arranged on an outside of the first shaft portion
and/or the second shait portion so as to be guided along the
first shaft portion and/or the second shatt portion. In this way,
the radial dimension of the spring member 60, 160 or 260 1s
increased and such that same spring force can be generated
with a spring having a shorter axial dimension than with a
spring having a smaller radial dimension. As a result, the top
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plate member 12, 112 or 212 and the holding plate member
20,120 or 220 can be arranged 1n relatively closer proximity
to each other and the height of the automatic guided vehicle 1
1s reduced even further.

In the drive device 10, 110 and 210 according to the above
embodiments, the first shaft portion and/or the second shaft
portion are/1s configured to have a hollow space passing axi-
ally there-through. In this way, the weight of the automatic
guided vehicle 1 1s relatively reduced.

In the drive device 10, 110 and 210 according to the above
embodiments, the drive unit 30, 130 or 230 has an electric
motor M1 or M2 as the drive device and an electric power line
L1 or L2 for exchanging electric power between the electric
motor M1 or M2 and a control device 4 configured to drive
and control the electric motor M1 or M2. The electric power
line L1 or L2 1s passed through the first shaft portion and/or
the second shaft portion. In this way, the need to consider
rotation of the drive unit 30, 130 or 230 with respect to the top
plate member 12, 112 or 212 when determining the layout of
the power lines L1 and L2 can be eliminated. In other words,
it 1s not necessary to make the power lines L1 and L2 longer
or to arrange the power lines L1 and .2 1n a particular manner

in order to accommodate turning of the drive unit 30, 130 or
230.

GENERAL INTERPRETATION OF TERMS

In understanding the scope of the present invention, the
term “comprising” and 1ts derivatives, as used herein, are
intended to be open ended terms that specity the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, ntegers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having™ and their
derivatives. Also, the terms “part,” “section,” “portion,”
“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts. Also
as used herein to describe the above embodiments, the fol-
lowing directional terms “forward”, “rearward”, “above”,
“downward”, “vertical”, “horizontal”, “below” and *“‘trans-
verse” as well as any other similar directional terms refer to
those directions of an automatic guided vehicle equipped
with the present invention. Accordingly, these terms, as uti-
lized to describe the present invention should be interpreted
relative to a vehicle equipped with the present invention.

While only selected embodiments have been chosen to
illustrate the present invention, 1t will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the ivention as defined in the appended claims. For
example, the size, shape, location or orientation o the various
components can be changed as needed and/or desired. Com-
ponents that are shown directly connected or contacting each
other can have intermediate structures disposed between
them. The functions of one element can be performed by two,
and vice versa. The structures and functions of one embodi-
ment can be adopted 1n another embodiment. It 1s not neces-
sary for all advantages to be present 1n a particular embodi-
ment at the same time. Every feature which 1s unique from the
prior art, alone or 1n combination with other features, also
should be considered a separate description of further inven-
tions by the applicant, including the structural and/or func-
tional concepts embodied by such feature(s). Thus, the fore-
going descriptions of the embodiments according to the

present mvention are provided for illustration only, and not
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for the purpose of limiting the mvention as defined by the
appended claims and their equivalents.

What 1s claimed 1s:

1. An automatic guided vehicle drive device comprising:

a top plate member configured and arranged to be attached
to a cart body of a vehicle;

a drive umit having a left wheel axle attached to a left wheel
and a right wheel axle attached to a nght wheel with the
left and right wheel axles being coaxially arranged and
spaced apart from each other 1n an axial direction, and a
drive mechanism operatively coupled to the left and
right wheel axles to rotate the left and right wheels;

a holding plate member operatively coupled between the
top plate member and the drive unit to pivotally hold the
drive unit with respect to a movement direction of the
vehicle; and

a turning shait mechanism operatively coupled between
the top plate member and the holding plate member to
turnably support the drive unit with respect to the top
plate member via the holding plate member about a
vertical line passing through an intersection point
between an axial centerline of the left and right wheel
axles and a middle line that 1s oriented 1n the movement
direction and passes through an approximate middle
position between the left and right wheel axles, the turn-
ing shaft mechanism exerting a biasing force along the
vertical line in a direction of separating the drive unit
from the top plate member via the holding plate member.

2. The automatic guided vehicle drive device recited 1n

claim 1, wherein

the turning shaft mechanism exerts the biasing force on the
holding plate member at a position that 1s vertically
lower than the axial centerline of the left and right wheel
axles.

3. The automatic guided vehicle drive device recited 1n

claim 1, wherein

the turning shait mechanism includes
a first shaft portion connected to the holding plate mem-

ber,

a second shaft portion connected the top plate member,
the second shatt portion being rotatably and slidably
coupled to the first shait portion so that the drive unit
1s turnably supported with respect to the top plate
member via the holding plate member, and

a spring member guided along at least one of the first and
second shailt portions to exert the biasing force by
clastic deformation.

4. The automatic guided vehicle drive device recited 1n

claim 3, wherein

the holding plate member has a recessed portion disposed
along the wvertical line, the recessed portion being
recessed 1n a vertically downward direction, and

the turning shaft mechanism exerts the biasing force
against a bottom part of the recessed portion of the
holding plate member at a position near a point on the
vertical line.

5. The automatic guided vehicle drive device recited 1n

claim 4, wherein

the bottom part of the recessed portion 1s disposed at a
position vertically lower than the axial centerline of the
lett and right wheel axles.

6. The automatic guided vehicle drive device recited in

claim 4, wherein

at least a portion of the first shaft portion 1s housed 1n the
recessed portion.

7. The automatic guided vehicle drive device recited 1n

claim 3, wherein
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the spring member 1ncludes a coil spring arranged on an
outside of at least one of the first and second shaft por-
tions to be guided along the at least one of the first and
second shaft portions.
8. The automatic guided vehicle drive device recited in
claim 3, wherein
at least one of the first and second shait portions has a
hollow space passing axially therethrough.
9. The automatic guided vehicle drive device recited in
claim 8, wherein
the drive mechanism of the drive unit includes an electric
motor and an electric power line for exchanging electric
power between the electric motor and a control device
configured to drive and control the electric motor, and
the electric power line passes through the hollow space
formed 1n the at least one of the first and second shaft
portions.
10. The automatic guided vehicle drive device recited 1n
claim 3, wherein
the spring member of the turning shaft mechanism exerts
the biasing force against a bottom part of the first shaft
portion disposed at a position near a point on the vertical
line.
11. The automatic guided vehicle drive device recited 1n
claim 10, wherein
the bottom part of the first shaft portion 1s disposed at a
position vertically lower than the axial centerline of the
left and right wheel axles.
12. The automatic guided vehicle drive device recited 1n
claim 1, further comprising
an elevating mechanism operatively coupled to the turning
shaft mechanism to selectively move the drive unit with
respect to the top plate member 1n a vertical direction via
the holding plate member.
13. The automatic guided vehicle drive device recited 1n
claim 12, wherein
the elevating mechanism includes
a rotation motor,
a cam unit configured and arranged to convert a rota-
tional motion of the rotation motor into a generally
linear motion, and
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a link member coupled to the turning shaift mechanism
and configured and arranged to convert the generally
linear motion of the cam unit into a generally vertical
motion.

14. The automatic guided vehicle drive device recited in

claim 1, wherein

the left and right wheel axles are spaced apart from each
other 1n the axial direction to form a space therebetween
with a part of the holding plate member being disposed
in the space.

15. An automatic guided vehicle comprising:

a cart body; and

a drive device including

a top plate member attached to the cart body,

a drive unit having a left wheel axle attached to a left
wheel and a right wheel axle attached to a right wheel
with the left and rnight wheel axles being coaxially
arranged and spaced apart from each other 1n an axial
direction, and a drive mechanism operatively coupled
to the left and right wheel axles to rotate the leit and
right wheels,

a holding plate member operatively coupled between the
top plate member and the drive unit to pivotally hold

the drive unit with respect to a movement direction of

the vehicle, and

a turning shait mechamsm operatively coupled between
the top plate member and the holding plate member to
turnably support the drive unit with respect to the top
plate member via the holding plate member about a
vertical line passing through an intersection point
between an axial centerline of the left and rnght wheel
axles and a middle line that 1s oriented 1n the move-
ment direction and passes through an approximate
middle position between the left and right wheel
axles, the turning shait mechanism exerting a biasing,
force along the vertical line 1in a direction of separat-
ing the drive unit from the top plate member via the
holding plate member.
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